The objective of this study is to examine the determinants of household petrol and diesel expenditures using a large micro data set of Irish households. This research is timely given the switch in purchases from petrol cars to diesel cars arising out of changes in how vehicle registration tax and motor tax rates are calculated. The study finds that households living in urban areas, households that spend money on public transport and households that do not possess a car will spend less on both petrol and diesel. In contrast, households in possession of higher number of cars, households with more occupants working and households with higher level of household spending will spend more on petrol and diesel. The econometric methodology employed takes into account the fact that the dependent variable contains zero expenditures. Such an approach has never previously been applied to analyse Irish household transport use and provides interesting insights. In particular the effect that the explanatory variables have on participation in the market is quite different for petrol and diesel. For example, the model predicts a much larger increase in the probability that households will participate in the diesel market relative to the petrol market as income increases. This finding has implications for the design of policy toward reducing transport emissions as the Irish economy recovers and average household income increases. process. The double hurdle model has been applied to other commodities before but this study is its first application to petrol and diesel expenditures specifically.
SEEC research output includes SEEDS -Surrey Energy Economic Discussion paper Series and SEERS -Surrey Energy Economic Report Series (details at www.seec.surrey.ac.uk/Research/SEEDS.htm) as well as a range of other academic papers, books and monographs. SEEC also runs workshops and conferences that bring together academics and practitioners to explore and discuss the important energy issues of the day SEEC also attracts a large proportion of the School's PhD students and oversees the MSc in Energy Economics & Policy. Many students have successfully completed their MSc and/or PhD in energy economics and gone on to very interesting and rewarding careers, both in academia and the energy industry.
3 phases of the Irish economy, one when the Celtic tiger was at its height (2004/05) and the other (2009/10) which covers the period following the global slowdown and financial crisis which had a significant effect on the Irish economy in particular.
A final motivation for this study is to present an alternative econometric approach to analyse petrol and diesel expenditures. This approach takes in account the fact that there are a number of households who do not make any purchases of petrol or diesel, that is they have zero expenditures. The Tobit Model was the original model developed to analyse what are more commonly known as censored dependent variables. The Tobit model has some limitations however and a number of generalisations to the Tobit approach have been developed in the literature. One of these is Cragg's (1971) double hurdle model. It employs a methodology which models the household's decision to purchase a fuel item as separate participation and expenditure decisions. In particular, it postulates that individuals must pass two separate hurdles before they are observed with a positive level of expenditure. The first hurdle corresponds to factors affecting participation in the market for the good and the second to the level of expenditure on the good. A different latent variable is used to model each decision process. The double hurdle model has been applied to other commodities before but this study is its first application to petrol and diesel expenditures specifically.
The next section outlines previous research in this area. Section 3 describes the HBS data set in more detail while section 4 outlines Cragg's double hurdle model. Section 5 presents the econometric results and section 6 concludes.
2: PREVIOUS RESEARCH
The majority of international research on household petrol consumption has come from the United States and Canada which is not surprising given that gasoline (as it is called there) is such an important commodity to households in these countries. The main objective of the majority of these studies is to estimate price and income elasticities for gasoline consumption. Greening et al. (1995) use micro data and a translog model formulation to estimate short run demand for miles travelled and gasoline consumed. An important element of their analysis is the difference in price and income marginal effects among socio-demographic groups. In particular they find that subgroups defined based on occupation, life cycle stage and location respond to price and income changes in statistically different ways. Wadud et al. (2010) follow a similar approach and also find substantial heterogeneity in price and income 4 elasticities across different demographic and income groups. They find that a household's price and income elasticity depends on the number of vehicles owned, the number of wage earners and the location of the household. Schmalensee and Stoker (1999) , Yatchew and No (2001) and Manzan and Zerom (2010) in contrast estimate semiparametric econometric models which combine elements of both parametric and nonparametric regression techniques. This is done in order to develop a flexible model which allows for differing responses to price and income changes for different level of prices and incomes. For example Schmalensee and Stoker (1999) allow prices, income and age to have a nonparametric effect on demand while the other control variables remain linear. Yatchew and No (2001) and Manzan and Zerom (2010) build on Schmalensee and Stoker's approach and in particular the specification of the price variable, with Yatchew and No using price data from Canadian households (as opposed to Schmalensee and Stoker who used US household data) and Manzan and Zerom using vehicle-level data within US households to construct an alternative measure of the price of gasoline.
An alternative methodological approach to single equation estimation is to look at the problem is a more holistic manner and estimate a system of equations across a range of different fuels. This type of approach uses the two-stage budgeting procedure as its conceptual basis and is attractive as individual commodities can be analysed within a broad category. It also allows for the testing of certain demand restrictions as well as the estimation of cross-price effects. The AIDS model of Deaton and Muellbauer (1980) is one of the most widely applied models of this type. West and Williams (2004) estimate an AIDS model defined over gasoline, leisure, and a composite of all other goods. Nicol (2003) and Labandeira et al. (2006) apply the quadratic extension of the AIDS developed by Banks et al. (1997) . Nicol (2003) estimates demand models for six household expenditure categories including food consumed at home, alcoholic beverages, clothing, gasoline, other automobile operation and public transportation while Labandeira et al. (2006) uses data from Spanish households to analyse the demand for electricity, gas, LPG and car fuels.
The research described above focuses on the determinants of just one household decision, that is, how much petrol to consume. As previously mentioned in the introduction, this study employs a methodology which models the household's decision to purchase a fuel item as separate participation and expenditure decisions. There have been a number of previous 5 studies which have attempted to model such household behaviour. Mannering and Winston (1985) is generally considered to be the pioneering article in this area. Using data from both a cross section and panel of U.S. households they estimate a discrete/continuous model of vehicle quantity, vehicle type and utilisation choice. Both vehicle quantity and vehicle type were estimated using the discrete model and utilisation choice was estimated using the continuous model. Many authors have since followed Mannering and Winston's (1985) approach by modelling the joint decisions of car ownership and car use using a variety of econometric methodologies. These include De Jong (1990) , Bjorner (1999) , Kayser (2000) Asensio et al. (2002) and Johansson-Stenman (2002) .
The econometric methodology utilised by Kayser (2000) , Asensio et al. (2002) and Johansson-Stenman (2002) most closely fits with the proposed econometric methodology in these study. They model the first stage decision of car ownership using a discrete model and the second stage using a continuous model. The second stage continuous model includes an extra term, estimated from the first stage discrete model, which corrects for the fact that some households with zero car ownership are not included in the second stage estimation. This procedure is referred to as a Heckman selection correction model (Heckman, 1979) .
Johansson-Stenman (2002) also estimate a version of Cragg's (1971) double hurdle model including a third decision to model the following: whether a household decides to have a car not, whether a household decides to drive the car or not given that they have a car and the final decision of how much to drive assuming that this is a driving distance which is larger than zero. The first two decisions are modelled using a probit model while the last decision is modelled using a truncated regression model. In estimating both the Cragg model and the Heckman model, Johansson-Stenman (2002) find some evidence to indicate that the Cragg model fits the data better, albeit evidence which the author admits not to be wholly conclusive.
Irish research on household petrol use is quite limited. Most research in the area tends to focus on car ownership (Nolan, 2003 , 2010 , Caulfield, 2012 or on the determinants of mode of transport to work (Commins and Nolan, 2010) . Nolan (2003) appears to be the only Irish study which has carried out an analysis of household expenditures on petrol. Using crosssectional micro-data from the 1994/1995 Irish HBS she estimates a Tobit model with petrol expenditures as the dependent variable and various characteristics of the household as independent variables. She finds that location, gender of the HOH, the presence of workers in 6 the home, the number of adults and children and household income are all significant explanatory factors. She calculates an income elasticity equal to 0.51 indicating that petrol use is a necessity. It should be noted however that Nolan (2003) confined her analysis to those households in possession of one car only which may limit the applicability of the results. It should also be noted that Nolan (2003) did not consider diesel in her analysis and thus this study will be the first to analyse that fuel from an Irish context.
3: DATA
The data set that will be used in this paper is a large anonymised micro data set of Irish households, the Household Budget Survey (HBS). The survey has been carried out by the Central Statistics Office (CSO) at regular intervals since 1951 and on a five yearly basis since 1994. The most recent results came out of a survey of households that took place in 2009/10.
The main purpose of the survey "is to determine in detail the pattern of household expenditure in order to update the weighting basis of the Consumer Price Index" (CSO, 2013: 7). As well as recording information on household expenditures, the HBS also gives detailed information on all sources of household income as well as a wide range of household and house characteristics. Another aspect of the petrol and diesel expenditure data is the prevalence of zero expenditures. This could be due to the fact that certain householders cannot drive because of income constraints (i.e. cannot afford a car or cannot afford to purchase petrol/diesel) or because of other non-economic factors, such as age, an inability to drive a car or the fact that the household does not require the use of a car in their day to day lives. Another possibility is that the survey period is too short, that is householders that normally drive but don't during the survey period for one reason or another. It is difficult to gauge the number of households falling in this category but given that petrol/diesel are relatively frequent purchases one would expect the amount to be small 4 . interestingly about the same in this period with a slightly lower median diesel spend. As alluded to already, and further illustrated here, there appears to be a change in petrol and diesel purchases in the 2009/10 survey. Whilst spending on both fuels has increased (in nominal terms), purchases of diesel are now on average higher than petrol. The median spend on diesel is also higher. Furthermore, the proportion of households with positive diesel expenditures has increased between the two surveys while the corresponding proportion for petrol has decreased. Hennessy and Tol (2011a,b) and Rogan et al. (2011) both look at the effect of this policy change and find that it has resulted in a significant shift from petrol cars to diesel cars. Hennessy and Tol (2011b) predict that the overall market share of diesel cars will increase from 25% to 58% as a direct result of the tax reform. Rogan et al. (2011) similarly estimate that the tax change resulted in a doubling of the share of diesel cars in new private car sales from 27% in 2007 to 55% in the first year after the tax change. In this study data on total household expenditure is used instead of the data on income. There are a number of reasons for this. Firstly the CSO themselves, state that the income data that is collected in the HBS is not the primary source of data on income in Ireland. An alternative micro data survey, EU Survey on Income and Living Conditions (EU-SILC) also collected by the CSO, is recognised as the primary source of income data. Secondly, incomes, such as those of self-employed people, can fluctuate over time whereas total household expenditure can be seen as measuring expected or average levels of income over a long period and thus provides a better long run gauge of incomes. As it is a cross sectional survey, the HBS does not provide any price data and so price elasticities cannot be calculated. An appropriate examination of price effects would only be possible if repeated cross sections of households were surveyed and price changes were tracked. As the analysis is the study looks at each HBS separately, the assumption is that each household faces the same price for each fuel.
Lastly as the HBS data is collected over different times of the year consideration needs to be 5 In the final specification, the 'single old children' category of households is merged with the 'single middle aged children' category and the 'married old children' category of households is merged with the 'single middle aged children' category due to small number of observations. 6 The National Travel Survey carried out by the Central Statistics Office in 2009 found that 25% of daily journeys undertaken are work related travel. 7 Where an equivalent adult is defined as Head of Household = 1, Other Adults 14+ in household = 0.7, Children < 14 = 0.5 11 taken for the potential seasonality in the expenditure data. It is particularly important to deseasonalise the data when additional variables representing household characteristics are being included in the model so that a true measure of their effect is captured rather than a possible hidden seasonal effect. Both petrol and diesel expenditures and total household expenditure are deseasonalised by removing the average seasonal effect of each quarter from the expenditure data using a simple procedure of regressing the expenditure variable on the quarter variable and calculating the difference between the actual values and fitted values.
4: ECONOMETRIC METHODOLOGY
The presence of zero expenditures in the dependent variable, seen in table 2 for petrol and diesel, poses difficulties when analysing micro-data. Using ordinary least squares regression results in biased results of the parameter estimates because the estimated regression line simply fits the scatter of points and does not take into account the fact that the data is limited at one end. The bias would be especially severe when the dependent variable is zero for a substantial proportion of the population. There are three reasons given in the literature for zero observations (see Newman et al, 2001 ); corner solutions, non-participation in the market or purchase infrequency. Corner solutions specify that a household chooses not to purchase a product at existing prices and income. Non-participation in the market occurs if a household chooses not to purchase a product due to reasons that are independent of prices and income.
Purchase infrequency normally applies to durable goods whose purchasing cycle may be longer than the survey period.
Econometric models where the dependent variable of interest has zero observations use a latent variable representation of the dependent, that is, each household has an unobserved or latent expenditure which for some households is known and given by the actual expenditures and for some households is unknown and is denoted by zero (for example). Econometric models where the dependent variable is incompletely observed are known as censored models 8 . The Tobit Model developed by James Tobin (Tobin, 1958 ) was the original model developed to analyse censored dependent variables. In the Tobit model censoring is assumed 12 to represent a standard corner solution. This in itself is a restrictive assumption especially for household expenditure items. For example in the case of petrol and diesel a household may have the means available to them to purchase these items but do not do so because of other factors such as age, inability to drive or location. A further limitation of the Tobit model is that it assumes the same variables affect the probability of a non-zero observation (the participation decision) as well as the level of a positive observation (the expenditure decision) and moreover with the same sign. It may be more reasonable to allow the size and nature of the factors that affect the two decisions to be different. The popularity of the double hurdle model in empirical work can be traced back to the work of Jones (1989) and Pudney (1989) who are commonly associated with developing the econometric specification of the model as well as formally integrating it into consumer choice theory. A number of applications did precede these studies including work by Atkinson et al. (1984) and . The double hurdle model can be specified as follows Meghir, 1987, Newman et al, 2003) ,
where y* i1 is a latent endogenous variable representing an individual or households participation decision, y* i2 is a latent endogenous variable representing an individual or households expenditure decision, y i is the observed dependent variable (petrol/diesel expenditures), w i is a set of individual characteristics explaining the participation decision, x i is variables explaining the expenditure decision and u i and v i are independent, homoscedastic, normally distributed error terms.
The double hurdle model is estimated using maximum likelihood techniques with the log likelihood given as follows,
It is worth noting that the standard Tobit model is a nested version of the Cragg model when The double hurdle model is particularly popular for analysing tobacco and alcohol household expenditures mainly due to the early work of Atkinson et al. (1984) , Pudney (1989) and Jones (1989) who advocated the use of double-hurdle models in cross-section studies of smoking using UK household survey data. The studies on tobacco and alcohol household expenditures following from this early work include Jones (1992) , Garcia and Labeaga (1996) Blaylock and Blisard (1993) and Yen and Jensen (1996) on US household alcohol expenditures. The double hurdle has also been applied to analyse other household expenditures including lottery expenditures (Humphreys et al. 2010 and Crowley et al. 2012) , meat expenditures and expenditure on prepared meals for Irish households (Newman et al., 2001 and , food expenditure away from the home for Spanish households (Mutlu and Garcia, 2006) and even US household consumption of cheese (Yen and Jones, 1997) . Finally 14 there are a number of non-food or non-drink applications including Carroll et al. (2005) who studied the determinants of charitable donations by Irish households. The application of the double hurdle model to Irish petrol and diesel expenditures in this paper thus represents a significant addition to the existing literature in the area.
The double hurdle model can be compared with Heckman's sample selection models on the basis of the assumption of dominance. This relates to whether one considers the possibility of zero observations in the expenditure decision or not. If one assumes that a zero observation is due to non-participation solely, then the expenditure decision includes only non-zero observations. This is known as first hurdle dominance. Under this assumption the Heckman model should be used. In contrast if one assumes that a zero observation could be due to either non-participation or participation but non-expenditure (i.e. no first hurdle dominance) then Cragg's double hurdle model is the most appropriate to use.
In effect the Cragg model can be thought of as a flexible version of both the Tobit and The decomposition of the unconditional expectation into the probability of participation and the conditional expectation is based on the work by McDonald and Moffitt (1980) in their decomposition of the unconditional mean of the dependent variable in the Tobit model and can be summarised by the following equation:
In the double hurdle model the probability of participation and the level of expenditure conditional on participation are Su, 1995, Mutlu and Garcia, 2006) :
Marginal effects can be calculated by differentiating each of the above equations with respect to each explanatory variable. These equations are given by Su, 1995, Mutlu and Garcia, 2006) :
16 where  j and  j are the coefficients on the explanatory variable x j from the participation and expenditure equations respectively. For the discrete explanatory variables, the estimated marginal effects represent the absolute change in the probability of a positive value, the conditional expectation and the unconditional expectation when the value of the variable shifts from zero to one, holding all the other variables constant.
The marginal effect for the unconditional level of expenditure can be derived by applying the product rule of differentiation to equation (3) 10 :
that is the marginal effect of the unconditional expectation equals the marginal effect of the probability of a positive value times the conditional expectation plus the marginal effect of the conditional expectation times the probability of a positive value.
For the continuous explanatory variables such as total household expenditure, the marginal effects can be used to calculate elasticities for the probability of a positive expenditure (e j P ), the conditional level of expenditure (e j CC ) and the unconditional level of expenditure (e j ) i.e. the total effect on y i , as follows:
17 where the last equation states that the elasticity on the unconditional level of expenditure is equal to the addition of the elasticity of the probability of participation and the elasticity of the conditional level of expenditure. This holds because of equations (3) and (8) 11 . For the discrete explanatory variables, e j P , e j CC , and e j represent the proportional change in the probability of a positive value, the conditional expectation and the unconditional expectation when the value of the variable shifts from zero to one, holding all the other variables constant.
The model can be modified to allow for heteroscedasticity by specifying the variance of the errors as a function of a set of continuous variables (Newman et al, 2003 and Aristei and Pieroni, 2008) as follows:
where z i represents the continuous variables in x i , the set of variables explaining the expenditure decision. The exponential specification is chosen as it imposes the desirable property that the standard deviation  i be strictly positive (Yen and Su, 1995) .
5: ECONOMETRIC RESULTS

Econometric Specification and Choice of Model
Previous research has highlighted a particular difficulty in specifying and estimating the double hurdle model. According to Pudney (1989) , the original research by Cragg did not ground the double hurdle model within any formal choice theory. Thus no guidance was given on what variables should be included in the participation and expenditure equations. In 11 Multiplying equation (8) 
Using equation (3), 18 addition, Newman et al. (2003) suggest that the inclusion of the same set of regressors in each hurdle can make parameter identification difficult and exclusion restrictions must be imposed. Pudney (1989) interprets the first stage participation hurdle as arising from "social, psychological or ethical distinction, and is unconnected with the levels of prices and income " (1989: 160) . Under this interpretation, income (or total household expenditure) can be excluded from the participation equation and this has been the approach adopted by subsequent researchers (Newman et al., 2003, Aristei and Pieroni, 2008) . This line of reasoning also relates back to the reasons for presence of zero observations in household expenditure surveys given previously. The first reason is the standard corner solution which forms the basis of the Tobit model. The second reason is that households do not participate in the market due to reasons that are independent of prices and income. This in effect describes the first hurdle of the double hurdle model and would suggest that if an exclusion restriction were to be imposed, the logical approach would be to drop total household expenditure from the first hurdle. Total household expenditure is included in the second hurdle as this represents the Tobit part of the double hurdle model. Looking at the binary variables first we see that location effects are present in both the petrol and diesel models. These effects could be due to the quality and quantity of infrastructure in Those households with positive public transport expenditures spend less on petrol and diesel relative to those households with zero public transport expenditures. In the petrol model participation effects are positive. This can be interpreted in much the same way as the urban location effects previously discussed, that is, those households with access to public transport also have greater access to private transportation. Not surprisingly, the number of cars possessed by a household has significant effects on both the petrol and diesel models. The effects are present for each variable in the petrol model with negative participation and expenditure effects for households possessing zero cars and positive participation and expenditure effects for households possessing two or more cars. In the diesel model only the possession of no cars variable exhibits significance with negative participation and expenditure effects. Thus being in possession of more than one car has a greater influence on petrol purchases than diesel purchases presumably because households will have at most of one diesel car in their possession.
The more working adults in the household the more is spent on both petrol and diesel highlighting the important role than working status plays on transport costs. Looking specifically at a variable which represents the size of the household we see significant and positive participation and expenditure effects in the diesel model but insignificant results in the petrol model. This may reflect a preference of bigger families toward the purchase of a diesel car, whether that be the first or second car. Finally total household expenditure is significant and positively signed in both models.
Estimated Marginal Effects 2004/05 and 2009/10 HBS
As previously indicated the magnitude of the ML estimates in the double hurdle model cannot be interpreted in a sensible manner so marginal effects need to be estimated. Tables 6 and 7 present the estimated elasticities based on results derived from a heteroscedastic double 23 hurdle using data from the 2004/05 and 2009/10 HBS. These elasticities were calculated using equations (9)-(11) described in section 4 with the additional aspect of assuming a heteroscedastic error term defined by equation (12). Table 6 presents results for petrol   expenditure data and table 7 In terms of the contribution to the overall effect on petrol expenditures, only the elasticity on the conditional expectation is significant for the Mid-South Urban variable while both the elasticity on the probability of a positive value and the elasticity on the conditional expectation is significant for the Dublin variable. For both variables the conditional expectation elasticity is larger suggesting that the effect is greater for those households with positive petrol expenditures in these regions. A similar line of reasoning can be applied to the public transport variable. That is, public transport does not significantly affect a household's likelihood of purchasing petrol but does reduce levels of spending on the good. However the negative public transport effect is not as great as living in urban areas which suggests that other forms of transport such as walking and cycling possibly play a part in reducing petrol purchases in urban areas. In contrast, the elasticities for the probability of a positive value on 0.208*** 0.442*** 0.651*** 0.321*** 0.506*** 0.828*** *** p-value < 0.01, **p-value < 0.05, *p-value <0.10 25 the possession of cars variables are larger relative to the conditional expectation elasticities implying that these variables increase (and decrease in the case of zero car possession) the probability of a positive value to a much greater extent than the conditional level of petrol expenditures. This makes sense in that car possession (or non-car possession) should have a more sizable impact on whether a household makes a purchase of petrol rather than its level.
It is also not surprising that relative to the other variables, the car possession variables display the largest probability of a positive value elasticities, and in particular the non-car possession variable highlighting its importance. The number of workers in the household has a positive but relatively weak effect on the conditional and overall level of petrol spending. Only those households with 3 or more workers are there positive and significant effects present for both the probability of a positive value and the conditional level of petrol spending. Finally there doesn't appear to be any household size effects present and total household expenditure is as expected positive and significant with a larger conditional elasticity relative to the probability of a positive value elasticity. Looking next to table 7 and concentrating on the 2009/10 estimates first, we find the number of workers, the number of equivalent adults and total household expenditure to be strong positive influences on diesel expenditures. And similar to petrol, living in urban areas, possessing zero cars and having a positive spend on public transport all have negative effects on diesel expenditures. Interestingly the negative effects are much larger for diesel compared to petrol. This is because diesel is used on a less widespread basis and so locational differences, for example, are more pronounced. In looking at the contribution to the overall effect on diesel expenditures it is universally the case that the participation effect outweighs the conditional effect. This is normally the case when the dependent variable is censored to a large extent as is the case with diesel expenditures. It reflects a greater potential for participation (or non-participation) in the diesel market for a change in an explanatory A discussion surrounding the effect of income (or total household expenditure) has been set aside until now as it is a particularly important determinant of petrol and diesel expenditures.
The total income elasticity for petrol in 2009/10 equals 0.828 while for diesel it is equal to 1.162. Petrol can therefore be classed as a necessity good while diesel as a luxury good. This supports the view expressed in the introduction of petrol being the more conventional fuel for short to mid-range journeys and diesel being the luxury fuel used by householders who take longer journeys. These values are a little bit higher than estimates from the literature although one should bear in mind the differences in methodologies and data. Schmalensee and Stoker (1999) for example calculated a range of income elasticities equal to 0.12 to 0.23, while Kayser (2000) , Asensio et al. (2002) and Johansson-Stenman (2002) over the period with a more substantial increase for petrol compared to diesel. The general rule of thumb is for income elasticities to decrease as income increases so the opposite effect has occurred here in line with the downturn in the economy. The downturn in the economy has had a greater effect on petrol purchases for the simple reason that petrol is used by a greater proportion of households.
Even though income is excluded from the participation equation, an elasticity on the probability of participation can still be calculated. As can be seen from the formula for the marginal effect on the probability of participation (equation 6) even if  j = 0, a value for the second part of this equation can still be calculated. This elasticity can then be referred to as an elasticity on the probability of a positive expenditure given that income is assumed to influence the expenditure hurdle only. The difference in contribution to the overall elasticity between the probability of a positive expenditure and the conditional elasticity for petrol and diesel is very evident. For petrol, the probability elasticity is smaller relative to the conditional elasticity. For diesel, it is the opposite case. To investigate this further , table 8 provides estimates for the overall income elasticities and income elasticities calculated at the average household income of each income quartile.
As can be seen from the table the probability petrol elasticity estimates are only sizeable and significant for the first income quartile. So for the 2 nd , 3 rd and 4 th income quartiles, changes in income have little or no effect on the probability of a positive expenditure in the petrol market and instead only affect the level of expenditure on petrol. For diesel the probability of a positive expenditure is much larger and while it decreases from the 1 households with different income levels. What is driving the variation in the overall unconditional diesel income elasticity is thus the effect that income has on the probability that a household will have a positive diesel expenditure. 
6: CONCLUSIONS
The objective of this study is to examine the determinants of household transport expenditures in Ireland using a large micro data set, the Irish Household Budget Survey. The current body of research into this area using micro data in particular is limited which is surprising given its importance in the context of developing sustainable and environmentally friendly forms of transport. This study is also unique in that it analyses both petrol and diesel household expenditures for the first time. In the past petrol cars has been very much the transport fuel of choice for households with diesel cars making up only a very small proportion of the overall stock. However recent changes in legislation have caused a shift in preferences from petrol to diesel which makes this research into the determinants of both fuels very timely.
31
The study finds that households living in urban areas, households that spend money on public transport and households that do not possess a car will spend less on both petrol and diesel. A number of previous researchers (see for example Kayser, 2000) have highlighted the differing effects that changes in transport prices has on households living in rural areas with no public transportation versus households living in urban areas with public transportation. This is something worth noting for Irish policy makers given that petrol and diesel prices in Ireland are heavily taxed as well as being influenced to a large extent by fluctuations in global oil prices. In contrast, households in possession of higher number of cars, households with more occupants working or just generally with more occupants and households with higher level of household spending will spend more on petrol and diesel (with slightly differing effects for the number of cars possessed on diesel and equivalent adults on petrol). These factors illustrate the strong link between purchasing power and petrol/diesel use in that all of the factors are correlated to a large extent with levels of household income.
Another major contribution of the study is the methodology that was utilised. The double hurdle has been applied in a number of differing contexts but this is its first application to petrol and diesel expenditures. The results arising from the analysis would indicate that it provides a number of additional insights especially in terms of the effect that the explanatory variables have on the probability of participation and the level of expenditure. Not only were some estimated effects found to be different across participation and consumption but significant differences were also found across the two fuels examined. This was particularly the case for the estimated income elasticities. While overall income elasticities showed petrol to a necessity and diesel and luxury the contribution to this overall effect was quite the opposite for both fuels. For petrol a change in income has a small effect for low income households or insignificant effect for high income households on the probability of a positive expenditure but a much larger effect for all households on the conditional level of spending.
In contrast, for diesel a change in income has a much larger effect on the probability of a positive expenditure especially for households on lower incomes and a much smaller effect on the conditional level of spending. The latter is found to be uniformly the case across all households.
In making inferences about the level of future petrol and diesel use, the analysis is complicated slightly by the fact that period examined 2004/05 to 2009/10 corresponded to a 32 downturn in the Irish economy (and many other economies as well). The current prospects are however that the economy is recovering and incomes are rising. In this scenario our model would predict some increase in participation in the petrol market, especially for those on low incomes, but the main effect will be on the level of petrol expenditures. In contrast increases in income will see large increases in the number of households moving from zero diesel expenditures to positive diesel expenditures. The level of diesel expenditures will also increase but not to the same extent as petrol. These findings support previous research by Hennessy and Tol (2011a,b) on the effect of the change in VRT. Their projections suggest that the switching from petrol cars to diesel cars will continue at a steady pace. In fact, the latest figures for new private cars licenses from the CSO show that over 2.5 times more diesel cars were licensed in 2013 compared to petrol cars. The gradual increase in diesel cars will leave to an improvement in the efficiency of the car stock which in turn should have a positive effect on emissions. Hennessy and Tol (2011a,b) caution however that this is dependent on the average amount of vehicle kilometres travelled remaining relatively constant.
